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ABSTRACT

A method has been developed f or the determination of the
-tpermeability of flexible tank fabrics to liquid fuels. The method, which

employs a mass spectrometer, enables the pezueabilitiets of fabrics at 2&0 C
and at elevated temperatures to be assessed using a test liquid of 700
lao-octane and 30% toluene. Test results have been compred with results
obtained using the standard gravimetric method and recomandations have bee"
made for future work.
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PERMEABILITY OF FLEXIBLE MATERIALS

USED IN FUEL STORAGE TANKS

PART 1i. A METHOD OF MEASURKENT AND PRELIMINARY RESULTS

I* INTRODUCTION

A suitable method for monitoring the permeability of flexible POL
tank fabric to hydrocarbon fuels over a range of temperatures us required [11
because of the occurrence of serious leakage problem with POL taks,
especially when the tanks were required to store HT gasoline in Australian
tropical areas.

The existing (gravimetric) test method (KIL-T-6396C) for the
permeability of POL tank fabric measures the loss of weight of permeant in a
test rig during an eight day period [2). This method is unsatisfactory
because of the difficulty frequently experienced in obtaining adequate sealing
between the fabric and the test rig; any leakage gives an inflated value of
permeability (3].

This report contains details of a new method developed at NSL for
the measurement of the permeability of POL fabrics, together with soe
preliminary results.

2. RXQUIREMUTS OF THE MUTOD

he requirement us to develop a sensitive instrumental method to
monitor the permeability of POL tank fabrics to test liquids. It us
necessary that the test specimen be actual P0L tank fabric, preferably of
similar size to that required by NIL-T-6396C, that is a disc of 50.6 m
diameter, and that the method should be capable of being used over the
temperature range that tanks in service may experience in the tropical areas
of Australia. During the trial of a 30,000 gallon (135,000 L) POL tank at
JTTRE, InnLsfail, North Queensland, skin temeratures greoater than 600C mre
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The specification required that the POL tank fabric have a maximum
permeability (flux) of I mL/m2/day at 25"C 13]. This corresponds to a flow of
approximately 1.6 x 10" ag/Ln through a sample of fabric having a diameter
of 65 m, assuming the bulk density of the permeant is equal to that of
toluene. If the air-flow through the cell was 1 L/nin, the concentration of
permeant would be 16 mg/& 3 .

It would be possible to analyse this concentration of permeant
directly by coupling the air flow from the cell to either a mass spectrometer
fitted with a membrane inlet system, or a plasma chronatograph 5]. IRL does
not have access to either of these systems.

Alternatively, the permeant may be trapped in a suitable receiver
downstream from the cell and subsequently analysed by gas-liquid-
chromatography (GLC) or mass spectrometry (MS). The merits of GC and NS
methods of analysis are discussed in Appendix 1.

The initial requirement was to analyse the test liquid containing
70% Iso-octane and 30% toluene. However, there was a possibility that a
later requirement for testing the permeability of POL tanks in the field would
arise. The liquid in this situation would be NT gasoline, which contains
many components and would have been difficult to analyse by conventional GW
(Section 4.7). However, the analysis of the complex NT gasoline in term of
hydrocarbon types (for example, alkanes, cycloalkanes, alkylbensenem) would
have been relatively simple by MS.

Therefore, mass spectrometry was chosen as the analysis technique
for the preliminary measurements because of the higher sensitivity of the NS
and the less complex analytical data for NT gasoline. J*

3. EcIURDUDAL POCEDRXIS

3.1 Apparatus

A flow-through cell was designed and constructed by aking simple
modifications to used spare parts from the vacuue systm of the Atlas CD4 ms
spectrometer (Fig. 1 ). The diameter of the fabric emxposed in this cell was
65 m. The cell and collection system were assembled as shown in Fig. 2, in
an air-conditioned room (20 * 2C).

The initial procedure was to flush the call with dry nitrogen (CtG
Industrial Grade) at I L/min flow-rate for one hour, and then connect the cell
to the cold trap and collect the persmant fbr 30 minutes. Liquid nitrogen

2

0,

b



was used to cool the cold trap, which was packed with silanised glass wool
(100 mm deep, approximnately 10.5 9) (Note 1).

3.2 Transfer of Permsant from Cold Trap to MS Tube

After the permeant had been collected, the cold trap wa transferred
to the system shown in Fig. 3. PTPB (Teflon) taps ware used in this system
to avoid the loss of permeant that would have occurred if greased tape had
been used. After the system had been evacuated to a pressure of 1.3 x 105 Pa
(1 m 8g), the flask of liquid nitrogen wse removed from the trap and used to
cool the MS tube. The cold trap was then hoated. A transfer time of one
hour was found to be necessary to ensure that more than 99% of the permeant
had been transferred from the cold trap tube to the NS tube. The NS tube was
then connected to the MS and the pernmant analysed as outlined in Appendix 2.

3.3 Experiments at Elevated Teperatures

The glass connection tube between the cell and cold trap (Fig. 2)
was replaced by a glass U-tube which allowed the oomplete cell to be immrsed
in a thermostatted water bath. The dry nitrogen flowing through the cell was
preheated by passing it through a 1 metre length of coiled copper tubing
(o.d. - 6.4 m, i.d. - 3.2 e) immersed in the water bath. The permeability
was then determined as outlined in Sections 3.1 and 3.2.

4. RZSULTS AND DZSCUSSION

4.1 POL Fabric A

A piece of POL tank fabric (Fabric A) which had already been shown
(by this MLT-6396C method) to have a permeability above the specification of
8 aL/n /day at 259C 161, as investigated. After 8 and 11 days of soaking in
the eat liquid (Table 1). the total permeability was 11.3 AL/a /day and 11.5
mL/m /day. This is consistent with the result obtained with the NZ--6396C
method.

Using the newly developed analytical technique, it wa fouand that
the permeation ratio of toluene to lso-octane was approximately 9 to 2.

.NOTE 1 The trapping efficiencies of silanised glass wool, ceramic
insulator beads, glass helices and 3 m- diameter glass balls ware
checked by using a second cold trap in series with the first. A
silanised glass wool trap resulted in 99% efficiency. The other
materials all had trapping efficiencies loe than 9S%. The
amount of permeant oollected was found to be independent of flow
rates be t en 0.5 and 10 L/min.

3 ,
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Taking into account the ratio of the components of the test liquid (70% iso-
octane, 30% toluene), the permeation of toluene was approximately 10 times
greater than that of iso-octane through Fabric A. Similar behaviour was
observed with Fabric B, particularly at elevated temperatures (Table 6).

4.2 POL Fabric B

Pieces of fabric (Fabric B) were obtained from a large, flexible,
POL tank that had been in service with the Australian Army in Worth
Queensland. one piece was taken from the top section of the tank (Sample
B1), and two pieces were taken from different side sections of the same tank
(Samples 82 and B3). Permeability data for the fabrics are given in Tables
2-6.

From the plot of log permeability against 1000/T (OK) (Section 4.4
and Fig. 5) the permeability of this fabric to both Iso-octane and toluene in
approximately 1.4 times greater at 250C than 200C. Therefore, based on the
permeability results obtained at 209 for the pieces of fabric within 9 days
of the start of soaking (Tables 2, 3 and 4), all of the test pieces had
pereabilities under the specified limit of 8 RL/M2/day at 25eC. This agrees
with the results obtained with the KIL-T-6396C method for fabric from the same
tank [6].

However, the results obtained for Fabric B for periods longer than 9
days indicate that the permeability of the fabric increased with the length of

| time that the fabric was left soaking in the cell (Tables 2 and 4). As the
period of service of a POL tank would normally be such longer then 9 days,
these results raise serious questions concerning the relevance of the
KIL-T-6396C method.

4.3 Seam from Tank (Fabric 8)

Because of problems associated with the failure of sem in flexible
tanks, permeability studies were undertaken with samples taken from these
specific areas. The sean tested, which contained three layers of fabric, had
a permeability of 0.5 mL/n /day after four days of soaking (Table 5). This
result was well within the specification limit.

However, when tested aIter 20 days of soaking, the permeability had
increased to greater than 8 mL/m /day, and was still increasing.

4.4 POL Fabric B at Elevated Temperatures

After 15 days at 200C ij a permeability cell, a fabric sample had a
measured permeability of 0.2 aL/m /day. The complete cell was then immrsed
in a weterbath (Section 3.3) in order that the effect of temperature changes
on the rate of permeability could be investigated.

rK,
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On each working day, the waterbath containing the cell was cycled
from 200C to 609C (over & period of 4 hours) and then allowd to cool. On a
number of days the permeability of the fabric was determined at 200C and/or
600C, and on two days the permeability was determined at 20, 30, 40, 50 and
600C (Table 6). After 28 days the experiment had to be terminated because
the adhesive holding the filling funnel to the cell began to fail, allowing
water to enter the test cell.

Plots of the amounts of toluene and iso-octane permeating at 600C
against time (Fig. 4) indicated that after approximately 12 days, the
permeability of Iso-octane reached a constant value, whereas the permeability
of toluene increased throughout the experiment. This is also illustrated by
the graphs of log (Permeability) against 1000/T (OK) (Fig. 5), using data from
days 12 and 28 of Table 6.

Figure 5 also indicates that the permeability of the fabric to both
toluene and Iso-octane follows the Arrhenius equation. Therefore, if the
permeability of a particular liquid through a piece of this fabric is known at
a certain temperature, it should be possible to predict the permeability at
other temperatures provided other conditions (for example, pressure on the
tank alls) are independent of temperature.

For the fabric tested, the permeability at 600C is more than ten
times greater than the permeability at 200C.

It should be noted that the conditions in this elevated temperature
experiment, that is the temperature of the test liquid and air flowing over
the fabric were approximately equal to the temperature of the fabric, my
differ from the conditions experienced by a tank in service.

4.5 Discussion of NS rest Nethod

The major apparent drawback with the described method w the poor
reproducibility of soe permeability values, even when the values were
determined either twice on the same day, or on successive days. In one cae
these results varied by as much as * 15% (Days 6 and 7 in Table 2). However,
as stated in Section 3.1, the temperature in the laboratory varied by *
29C. An increase in temperature from 1 OC to 220C should result in an
increase in permeability of between 20% and 30% (Fig. 5). This variation in
temperature is probably the major cause of the poor reproducibility of some of
the results, and illustrates the requirement for a constant temperature
laboratory (note 2).

SVOT 2 At the time that theme results were obtained, they were regarded as

preliminary and it was thought that further experiments could be
performed using selected fabrics under ere suitable conditions.
However, this project was terminated in favour of higher priority
work before this could be arranged.
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So" of the results obtained at elevated temtares also showed
variations of approximately 1%0 from the Arhbaims equation (Fig. 5). IbTis
was also probably a result of slight fluctuations (t 200 in the temperature
of the watarbath used in the particular emer~smeats.

Other disadvantages with the a5 method weret

MS. The time required to transfer the trapped
permeant from the cold trap to the MB tob 01 hoar);

(ii) "at~ requirement fee cryogenic liquid foe the cold trap,
and

(iii) The requirement for a US with a quantitative gas-liquid
inlet system.

4.6 Comparlson of Gzaviuetzic and J96 fast methods

Mhe specified gravinstric method 121 S.n of limited mse for fabrics
*of low permeability, since small changes (10 mg or Uass) mt he masuered in aI relatively large mas (about 400 g).* In he present amo, samples of Fabric

9 gave permeabili ties between 0 and 4 aL/s /day by the gravisetric matbod, and
for two samplas an apparent weight gain was recorded (1) PFrther, the
recorded weight changes frequently indicated a decreasing rate eff weght loes
as the test proceeded,, suggesting that at least part of telees use net by
permeation through the fabric. At the level of peramability required of PMI
tank fabrics, the specified gravimetric mehd cannot readily distaquieb

between materials that my just pass or just fail.

in contrast, the present method will only seems the flud that has
permeated through the fabric (losses around the edge of the mall age nt
detected), and can be directly calibrated kg injecting comparable somts of
permeant, into the systea. both composition and quantity are measured, a
the required equipment, particularly if GW measurement is used, is me
likely to be available in a quality assurane lahoratbry tha a suitable
bel~ance.

an automatic integration system and a colum of this type would allow simple
and rapid determination of tota paest and theati of alkame/aromatic

~-contentoftearsn ee aMr9O"

am Coeeetats/oadspace injection system, for eamle the anE
Unijeotse (7), have else becoe available recently. A Comamatal /Usadepaee

1PInjectionmytm4as a e neniet collection. of the hydrocarbon samle
thea thA babler vahmigem.
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4.8 General Dlscusslon

POL tanks consist of composite layers of different polymeric
materials that have been bonded together. The fabrics which were used in
this investigation were obtained from tanks that had been in service in
different parts of Australia. As well as variations between different
batches of nominally the sam fabric, there could be differences in the stress
under storage and the amount of solar radiation and hence deterioration that
different parts of the same tank my have experienced. Any of the above
factors could account for the variations found in the permeability of the
pieces of fabric (Samples 31, 32 and B3) after they had been soeking for
similar periods in the cell (Tables 2, 3 and 4). A thorough investigation of
the permeability of unused POL fabrics, their individual composite layers, and
the adhesives used on the seams, would be a minimum requirement for the
elucidation of mechanisms of permeation.

5. COCLUSIONS

1. Vbe test call described in conjuncton with HIS analysi, gave results in

general agreement with permeability determined by the N!L-T-6396C

gravinetric method. The new method has several advantages in
sensitivity and analytical capability which make it suitable for
invetigaltional work no possible with the existing specified method.

2. The results obtained indicate that with fabrics of very low pemeability
the standard methods ay not allow sufficient time for the truepermeability of the fabric to be determpned.

3. The described test ,all conveniently determines permeability at
temeratures above ambient. Permeabili~ty follows the Urbhanism equation

in the temperature range 20-609C, for some fabrics, and the permeability
can increase tenfold wi~thin this range. This is relevant to the use of
flexible P, tanks in Australian tropical conditions.

4. The new method permits separate study of the aromatic and aliphatic
components of the permeating test fluid.

6. RWCNUIDTZONB Ir M W YM

The results of the present study indicate that the following topics
warrant further investigations

1. The GW-F=D method should be investigated for use as the analytical
techniqu9e.

2. Permeability data should he obtained for new (unused) fabrics and
the Individual components of the fabrics.

IV7
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3. A thermostatted box rather than a waterbath should be used for
future work.
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APPENDIX I

GLC AND KS ANALYSIS

1. GIC Analysis

Conventional GLC analysis would require that the permeant vapour
flowing through the cell be trapped in a bubbler tube containing a suitable
nonvolatile liquid for example, diethylphthalate. The minimum volume of
nonvolatile liquid required in a bUbbler is 2 mL, and the maxima volume of
the sample that can be injected into the GLC is 5 U L. Using the GLC equipped
with a flame ionisation detector (GLC-FID), the limit of detection of
hydrocarbons is approximately 10 ug/*L 18].

Assuming a collection time of 30 minutes, an area of permeation of
331: me ifor a cell with diameter of 65 sm), and the maximum permissible flux
of S mL/m /day at 250C, the amount of permeant trapped is 0.48 mg. This
corresponds to a concentration of 240 ug/L of permeant in nonvolatile liquid.

Therefore components of a fuel mixture at the level of 4% would just
be detectable by GLC-FID. The sensitivity could be effectively increased by
increasing the collection time. For example, subject to the separation
characteristics of the GLC column, a 2 hour collection would allow a minor
component at the level of 1% to be detectable by GLC-FID.

2. Mass Spectrometric Analysis

The Atlas CH4 mass spectrometer (KS) has a gas inlet system that
enables the total amount of a volatile sample to be analysed. Under normal
operating conditions (electron energy 70 eV, 3.0 kV applied to the secondary
electron multiplier), a sample of 0.5 uL of toluene gives a mass spectrum with
the two major peaks (./1.91 and 92) having intensities of 1.65 and 1.26 volts
respectively (Appendix 2). With a mixture of two chemically dissimilar
components, for example iso-octane and toluene (see Appendix 2) there is no
overlap between major peaks. A peak of I mV may be measured with the Atlas
CH4 MS (that is, noise level is approximately 0.5 AV). Therefore, the
approximate detection limit for toluene and other hydrocarbons having similar
molecular weights is approximately 3 x 10- 4 PL.

With an area of permeation of 3318 mm2 , a permeability of
8 IML/m2 /day corresponds to 0.55 uL of permeant collected in 30 minutes.
Therefore, a component at the level of 0.5% would just be detectable by M.

9
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APPENDIX 2

CALCULATION OF PERMEABILITY FROM HS DATA

The two most intense peaks in the mass spectrum of toluene are at

91 and 92. The two most intense peaks in the mass spectrum of lao-octane
are at p/e 56 and 57. The peaks at p/e 91 and 92 in .1*0-octane are less than
0.01% of the base peak, and the peaks at _/e 56 and 57 in toluene are
approximately 0.02% of the base peak. Therefore, the amounts of toluene and
lso-octane in a sample containing only these two compounds can be determined
by a simple calculation using the intensities of the peaks at PA/ 56, 57, 91
and 92.

To calibrate the MS, the permeation cell was replaced with a syringe
inlet, and a 0.5 uL sample of either toluene or lao-octane was injected into
the flow system. With a nitrogen flow of I L/min, all of the sample was
transferred to the cold trap within 20 minutes. The sample was then
transferred to the HS inlet tube and analysed.

Seven separate calibrations of both lso-octane and toluene wre
performed over a seven week period. For toluene, the mean value of the sun
of peak heights at V1.91 and 92 (ET) was 2.91 volts with extrm values of
2.74 and 3.03. For iso-octane, the mean value of the sum of peak heights at

* /e 56 and 57 (ZO) was 2.46 volts with extreme values of 2.35 and 2.55.

The amount of toluene that permeates a fabric (aL/2 /day) can
therefore be expressed by

ET) 1--503) (1-- ) (1-1 2.49 x ET2.T 0 31 48

where ET is the sum of peak heights (in volts) of -/* 91 and 92 obtained for a
30 maiute experiment. Likewise the amount of iso-octane that permeates
(aL/m /day) is 2.94 x EO, where EO is the sue of peak heights (in volts) of

V1.56 and 57 obtained for a 30 minute experiment.

I,
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T A BLE 1

PERMEABILITY OF FABRIC A AT 209C

DAY PERMEABILIT (ML/3 2/day)

4Toluene ISO-octane Total

*8 9.0 2.3 11.3

11 9.1 2.4 11.5

T ABLE 2 2

PERMBILITY 0F FABRIC SAWLE BI AT 20)C

DAY PAIRI LITY (inL/a /day)

Toluene ISO-octane. Totl

4 0.10 0.04 0.14

6 0.09 0.03 0.12

7 0*10 0.06 0.16

25 0.47 0.23 0.70



TABLE 3

PERMEABILITY OF FAIBRIC SAMPLE B2 AT 200C

DAY PERMEABILITY (mL/ 2/day)

Toluene Iso-octane Total

5 0.13 0.10 0.23

5 0.09 0.12 0.21

6 0.13 0.13 0.26

TABLE 4

PERMEABILITY OF FABRIC SAMPLE 83 AT 200C

*1~DAY PMIA3"ILITY CmL/m/day)

Toluene Zo-octane Total

1 0.02 0.02 0.04

9 0.03 0.02 0.05 /

13 0.15 0.07 0.22

15 0.14 0.06 0.20

17' 0.24 0.00 0.32

25* 0.2S 0.07 0.32

27* O.52 0.09 0.61

33' 0.50 0.06 O.54

43' 1.49 0.09 1.50

* lIee values obtained at 200C during the
elevated toweratwe experiment (see Table 6).

k
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TABLE 5

P ,MAMBZLYT OF SMW OF TANK (AMBIC B) AT 200C

DY POOmBILILY (ML/2/day)

3 0.27 0.18 0.45

4 0.25 0.20 0.45

20 7.25 0.81 8.06

24 7.84 0.79 8.63

!m $
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PERMEABILITY 0? VAR C SA14PLE 33 AT 3EVT TEMPERATURES

A

DAY TEMP PERMEABILITY (mL/m2/day)

(90 Toluene Iso-octane Total

0 20 0.14 0.06 0.20

6 0 0.24 0.41 2.33

2 0 0.2 0.06 0.33

10 20 0.25 0.07 0.32

22 (0.52 0.09 0.61
31 0.97 0.16 1.13

12( 41.5 1.67 0.32 1.99
so 2.76 0.56 3.32
60 5.46 1.32 6.60

Is 20 0.50 0.06 0.56

60 12.95 1.56 14.51

20 60 15.06 1.35 16.41

24 60 17.93 1.12 19.05

20 1.49 0.09 1.5s
30 3.06 0.19 3.25

28( 42 6.97 0.44 7.41
51 13.20 0.74 13.94

( 60 20.37 1.23 21.60

4.:Z, 4i
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FIG. 2 Collection of Perusant in Cold Trap
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FIG. 3 Transfer of Perusant to HS Tube r
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Intelligence Organisation
Librarian, Bridges Library
Librarian, Enqineering Development Establishment
Librarian, (Through Officer-in-harge), Materials Testing

Laboratories, Alexandria, NSW
Senior Librarian, Aeronautical Research laboratories
Senior Librarian, Defence Research Centre, Salisbury SA
Defence Science Representative, Australia High

Commission, London (Summary Sheets Only)
Counsellor Defence Science, Washington, D.C. (Summary Sheets Only)

DEPARTMENT OF DEFENCE SUPPORT

Deputy Secretary, DDS
Head of Staff, British Defence Research & Supply Staff (Aust.)

OTHER FDERAL AND STTE DEPARMENTS AMD INBS RIUTALITIEB

NASA Canberra Office, Woden, ACT
The Chief Librarian, Central Library, CSIRO
Library, Australian Atomic Xnergy Cowmission Pesearch astablsisent

MISCELLANUOU - AUSTRALIA

Librarian, State Library of UW, Sydney SW

University of Tasnia, Morris Miller Lab., 8oart, TAB.
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DISTRIU ION LIST
(Continued)

MISCELLANEOUS - OVERSEAS

Library - Exchange Desk, National Bureau of Standards, USA
UK/USA/CAN/NZ ABCA Armies Standardisation Representative (4 copies)
The Director, Defence Scientific Information & Docmentation Centre,

India
Military, Naval and Air Adviser, High Commission of India, Canberra
Director, Defence Research Centre, Kuala Lumpur, Malaysia
Exchange Section, British Library, UK
Periodicals Recording Section, Science Reference Library,

British Library, UK
Library, Chemical Abstracts Service
INSPEC: Acquisition Section, Institute of Electrical Engineers, UK
Engineering Societies Library, USA
Aeromedical Library, Brooks Air Force Base, Texas, USA
Ann Germany Documents Librarian, The Centre for Research

Libraries, Chicago Ill.
Defense Attache, Australian Embassy, Bangkok, Thailand

(Att. D. Pender)
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